###### Strengths and limitations of this study

-   This study presents an in-depth analysis of the medical needs, demographics and healthcare utilisation of high-cost beneficiaries in the Netherlands.

-   We characterised high-cost beneficiaries and spending patterns using several variables, including expensive treatment use (eg, dialysis, expensive drugs and intensive care unit), most cost-incurring condition and age.

-   Analyses were limited to one large insurer, but its beneficiaries are representative for the Netherlands.

Introduction {#s1}
============

It is known that healthcare costs are concentrated among small numbers of 'high-cost' beneficiaries. These high-cost beneficiaries are the sickest and most complex populations. Although they receive substantial care from multiple sources, critical healthcare needs are often unmet, and many receive unnecessary and ineffective care.[@R1] Therefore, high-cost beneficiaries are a useful group on which to focus efforts of quality improvement and cost containment.

For effective quality improvement and cost reduction, it is necessary to acquire an in-depth understanding of the characteristics, healthcare use and other factors that drive the costs of these groups of high-cost beneficiaries.[@R5] Current literature suggests that a high prevalence of multiple (chronic) conditions may explain high-cost beneficiaries' excessive care use.[@R7] This presence of multimorbidity among high-cost beneficiaries makes them difficult to understand: how to characterise patients that suffer from several diseases? Lehnert *et al*[@R9] found that the number of chronic comorbidities were nearly exponentially related to costs: the higher the number of chronic comorbidities, the higher the costs of an additional comorbidity. Based on this study, we hypothesised that in high-cost beneficiaries the most cost-incurring condition accounts for a disproportionate share of costs and that secondary conditions account for the remainder of costs.

A major limitation of current literature is that little is known about patterns in care use and characteristics among different age groups.[@R10] In addition, until today, no studies have reported the role of expensive treatments (eg, expensive drugs, transplant surgery, intensive care units (ICUs) and dialysis) as drivers of high costs. Further insight in healthcare utilisation patterns is needed to develop interventions and inform policy aimed at high-need, high-cost populations.

The primary aim of this study was to determine medical needs, demographic characteristics and healthcare utilisation patterns of high-cost beneficiaries in the Netherlands. We first determined characteristics and spending and quantified the share of high-cost beneficiaries that use expensive treatments. We then used a beneficiary's most cost-incurring medical condition to examine characteristics and utilisation patterns. In addition, we compared utilisation and conditions across age groups. All analyses were performed for top 1% and top 2%--5% beneficiaries separately. This distinction is often used in literature[@R11] and may improve understanding of high-cost beneficiaries.

Methods {#s2}
=======

Design and context {#s2a}
------------------

We conducted an cross-sectional study using claims data from 2013 in the Netherlands. In the Netherlands, the Health Insurance Act legally requires health insurers to provide a nationally set benefits package. Nearly universal coverage for curative care is achieved through mandatory purchase of statutory private health insurance.[@R15] Analyses were done in-house with Zilveren Kruis, a health insurer covering 4.5 million beneficiaries who were primarily living in the central, eastern and western parts of the Netherlands. The basic principle of the Dutch curative health system is that insurers compete for beneficiaries and that they act as prudent buyers of services for their beneficiaries. Health insurers operate nationwide, are obliged to accept all applicants for basic health plans and are not permitted to risk-rate premiums for these basic plans. Every insured person, aged 18 years or older, is required to pay an annual deductible (€350 in 2013), from which some services, such as general practice visits, are excluded. In addition to the basic health plan, more than 80% of the population buys voluntary insurance. Premiums for voluntary insurance are not regulated, and insurers are allowed to screen applicants. The system provides a wide range of services, including care provided by general practitioners, hospitals and specialists, dental care through age 18 years, prescription drugs, physiotherapy through age 18 years, most mental care, medical aids and devices, maternity care, transportation and others. In our study, we also included private voluntary supplementary insurance that typically covers dental care, some allied healthcare (including physiotherapy, occupational therapy, dietary advice and speech therapy) and complementary medicine (typically homoeopathy, acupuncture, natural medicine, magnetising and osteopathy).

Data {#s2b}
----

All insured in 2013 were included in this study. Several beneficiary characteristics were obtained from the insurer's databases, including gender, socioeconomic status based on income estimates per postal code, date of birth and date of death (until 20 February 2015). Date of death was categorised to four quarters in 2013 and any date post-2013. More information about (a predecessor of) this database is provided in Smeets *et al*.[@R17]

Total costs per beneficiary were calculated by summing all claims with a starting date in 2013. We defined the beneficiaries with the top 1% and the top 2%--5% of total costs as two groups of high-cost beneficiaries. The remaining 95% were categorised as low-cost beneficiaries. All claims were categorised in nine cost groups (health sectors) using a link table provided by the Dutch Healthcare Institute. These sectors included: hospital care (including care used abroad), mental healthcare, primary care, maternal care, allied healthcare, outpatient pharmaceutical prescriptions, medical devices, dental care (most dental care is reimbursed through complementary insurance benefits) and voluntary complementary insurance benefits.

Below, we describe how we operationalised the variables that we included in our analysis, including the treatment costs per diagnosis, the prevalence of conditions and multimorbidity count and the use of specific (expensive) services.

### Treatment cost per diagnosis {#s2b1}

We categorised and analysed hospital and mental care costs, according to the International Statistical Classification of Diseases, 10th revision (ICD-10).[@R18] Treatment costs were categorised to the level of ICD-10 chapters (eg, chapter IX: diseases of the circulatory system) and ICD-10 subchapters (eg, subchapter I60--I69 cerebrovascular diseases).

The great majority of hospital care in the Netherlands is reimbursed through payment products similar to diagnosis-related groups (DRGs, which cover both inpatient and outpatient hospital care) and so-called add-ons for expensive drugs and treatment at the ICU. To compute treatment costs per diagnosis, the DRGs were categorised using a link table provided by the Dutch Health Care Authority. This link table (version 22 December 2014) was developed to categorise hospital claims to specific healthcare needs, following the ICD-10 classification.[@R18] For the purpose of our study, we made a few minor corrections to the link table. As we found the ICD subchapter I30--I52 (*other circulatory diseases*) highly prevalent but not informative, we decided to disaggregate this subchapter. Add-ons were not used for establishing treatment cost per diagnosis but are dealt with separately (see 'use of specific expensive services').

In 2013, the Dutch mental care sector consisted of 'primary' mental care, such as care provided at general practices, by psychologists and psychotherapists, and at 'secondary' or specialised mental care provided in mental care institutions. Only claims from secondary mental healthcare were used for characterisation as these specify information about diagnoses and treatment. These claims were categorised to the ICD-10 (sub)chapter and added to the hospital claims for ICD-10 chapter V: mental and behavioural disorders. Additionally, the number of inpatients days in mental care per beneficiary was calculated (but not used for establishing treatment cost).

### Prevalence of conditions and multimorbidity count {#s2b2}

Prevalence of conditions was established using the same categorisation as described above. In addition, we used parameters from the Dutch risk adjustment scheme: pharmaceutical cost groups that indicate chronic use of drugs for different conditions. These pharmaceutical cost groups were categorised to ICD-10 (sub-)chapters and integrated with the former to establish prevalence of conditions. A detailed description of the Dutch risk adjustment scheme is provided in van Veen.[@R19] Multimorbidity was operationalised in three ways. First, multimorbidity was calculated by counting the number of prevalent ICD-10 chapters per beneficiary. Second, we counted the number of prevalent ICD-10 subchapters per beneficiary. Third, the number of pharmaceutical cost groups was counted, reflecting the number of chronic multimorbidities.

### Use of specific (expensive) services {#s2b3}

We developed dummy variables for specific types of care. Beneficiaries were regarded 'expensive care users' if their claims included a minimum of €10 000 for 'add-ons' for ICU treatment or expensive drugs. We used €10 000 as threshold because in 2013 expensive drugs only qualified for add-on reimbursement when average yearly costs per beneficiary exceeded this value. *ICU treatment* as reimbursed through add-ons included ICU treatment days, ICU consultations, ICU surcharges for specific services, ICU neonatal and paediatric care and ICU transport services such as interclinical transportation services and mobile intensive care unit. *Expensive drugs* reimbursed through add-ons included growth hormones, antineoplastic agents, tumour necrosis factor-alpha inhibitors, orphan drugs, haemostatics and other expensive drugs.[@R20] The list of drugs and indications that qualify for add-on reimbursement can be found at [www.farmatec.nl](www.farmatec.nl)

A separate dummy variable 'transplant' was developed, for beneficiaries who received a transplant or transplant-related care (both pretransplant and post-transplant). One DRG description that included the word 'transplant' was sufficient for a person to qualify as transplant beneficiary. Similarly, the variable 'dialysis' was created for all beneficiaries receiving dialysis for renal failure (both peritoneal and haemodialysis). In addition, all DRGs with an average price \>€30 000 were identified and together included as separate binary variable. This price was chosen as all top 1% beneficiaries incurred €30 000 or more. Furthermore, two dummy variables for mental health use were computed, the first on mental care use (\>€0 mental care costs) and the second on inpatient stays (\>0 days). The total number of inpatient hospital days per beneficiary was estimated using national averages of hospital days per DRG.[@R21] Finally, we used claims data to derive the number of different hospitals, university medical centres and hospital specialisms that beneficiaries were treated at, as well as the number of ambulance transportations, and emergency department visits. For full details concerning the variable computation, please contact the corresponding author.

Analyses {#s2c}
--------

We explored the composition of expenditures across health sectors for both top 1% and top 2%--5% beneficiaries. Demographics, medical characteristics and (expensive) healthcare use were analysed using descriptive statistics.

### Most cost-incurring and secondary conditions {#s2c1}

For each high-cost beneficiary, we identified the most cost-incurring ICD-10 (sub)chapter. For both top 1% and top 2%--5% beneficiaries, we first determined the prevalence of each ICD-10 subchapter. Second, for both high-cost groups we summed treatment cost per ICD-10 subchapter and divided this with the sum of total costs. Third, for each ICD-10 subchpater, we calculated how frequently it was the most cost-incurring condition for the beneficiaries in these groups. Fourth, we divided the percentage of beneficiaries with a ICD-10 subchapter as the most cost-incurring condition by the overall prevalence of the ICD-10 subchapter. This metric was used to distinguish between ICD-10 subchapters that were mainly found as most cost-incurring conditions compared with ICD-10 subchapters that were mainly found as secondary conditions. Fifth, for each beneficiary, we divided the treatment cost for the most cost-incurring condition by total costs. This figure was averaged for each ICD-10 subchapter and determines the contribution of these conditions to total costs within the subpopulation.

### Healthcare use according to most cost-incurring ICD-10 chapter and across age groups {#s2c2}

To identify patterns in (expensive) healthcare use, we developed cross-tables with costs per ICD-10 chapter, (expensive) healthcare use indicators and demographic characteristics as descriptive variables. Beneficiaries were selected by the most cost-incurring ICD-10 chapter to prevent that beneficiaries with multimorbidity would be counted several times.

Finally, we compared utilisation patterns and conditions across age groups. We examined total costs and spending per sector, and we identified the five most cost-incurring ICD-10 chapters per age group.

All analyses were performed using SAS V.9.4, Enterprise Guide 6.1.

Results {#s3}
=======

General breakdown of costs {#s3a}
--------------------------

Average total costs for top 1%, top 2%--5% and bottom 95% beneficiaries were €56 424, €15 780 and €1345, respectively, representing 22.8%, 25.5% and 51.7% of total spending ([table 1](#T1){ref-type="table"}). For top 1% beneficiaries, hospital care represented 76% of costs, of which, respectively, 9.0% and 9.1% were for expensive drugs and ICU care. 12.7% and 6.6% of costs were for mental healthcare and outpatient pharmaceuticals, respectively. For top 2%--5% beneficiaries, hospital care represented 59.7% of spending, of which 6.0% and 2.1% were spent on expensive drugs and ICU care, while 9.8% and 11.2% were spent on mental healthcare and outpatient pharmaceuticals.

###### 

General characteristics and indicators for healthcare use for three distinct cost groups

  -----------------------------------------------------------------------------------------------------------------------------------
  General characteristics                                                                   Top 1%        Top 2%--5%    Bottom 95%
  ----------------------------------------------------------------------------------------- ------------- ------------- -------------
  Number of beneficiaries                                                                   45 207        180 826       4 294 611

  Average total costs (SD)                                                                  €56 424\      €15 780\      €1345\
                                                                                            (€40 830)     (€5208)       (€1773)

  Share of total costs (%)                                                                  22.8          25.5          51.7

  Private spending\* (SD)                                                                   €330 (€172)   €335 (€165)   €159 (€181)

  Gender (%)                                                                                                            

   Male                                                                                     52.3          44.8          49.6

   Female                                                                                   47.7          55.2          50.4

  Mean age (SD)                                                                             58.5 (21.6)   58.0 (21.8)   39.2 (23.3)

  Median age (years)                                                                        64            62            39

  Percentage dying in or after study period (%)                                                                         

   Q1:                                                                                      0.7           0.9           0.2

   Q2:                                                                                      1.8           1.6           0.2

   Q3:                                                                                      3.2           1.7           0.1

   Q4:                                                                                      4.2           1.9           0.1

   \>Q4†:                                                                                   12.5          5.9           0.7

  Socioeconomic status (%)                                                                                              

   \>15 inhabitants‡                                                                        4.5           3.1           1.0

   Lowest incomes:                                                                          31.1          31.5          31.4

   Average income:                                                                          37.5          38.5          37.7

   High income:                                                                             26.8          26.7          28.6

  Medical characteristics                                                                   Top 1%        Top 2%--5%    Bottom 95%

  Average number of comorbidities---ICD chapter (SD)                                        4.2 (2.1)     3.3 (1.8)     0.7 (1.1)

  Average number of comorbidities---ICD subchapter (SD)                                     5.5 (3.1)     4.0 (2.3)     0.8 (1.2)

  Average number of chronic comorbidities---calculated by pharmaceutical cost groups (SD)   1.1 (1.2)     1.0 (1.1)     0.2 (0.6)

  (Expensive) healthcare use                                                                Top 1%        Top 2%--5%    Bottom 95%

  Percentage using expensive care \>€10 000 (%)                                             24.6          5.8           0.0

  Percentage transplant beneficiaries (%)                                                   3.7           0.8           0.03

  Percentage receiving dialysis (%)                                                         6.1           0.1           0.0

  Percentage receiving DRG \>€30 000 (%)                                                    4.5           0.03          0

  Percentage with \>0 inpatient mental healthcare stays (%)                                 13.0          3.3           0.04

  Percentage with mental healthcare costs \>€0 (%)                                          23.5          20.6          6.4

  Average number of inpatient mental hospital days (SD)§                                    54.7 (74.3)   4.0 (11.7)    0.05 (0.8)

  Percent visiting a specialised mental care centre (%)                                     22.5          19.2          4.8

  Average number of hospital specialists involved (SD)                                      4.2 (2.3)     3.0 (1.8)     0.6 (1.0)

  Average number of hospitals visited (SD)                                                  1.9 (1.0)     1.6 (0.9)     0.5 (0.7)

  Average number of inpatient hospital days (SD)                                            22.3 (26.0)   7.2 (8.4)     0.4 (1.5)

  Percentage using care at a university hospital (%)                                        39.7          25.8          4.5

  Average number of ambulance transportations (SD)                                          1.4 (4.3)     0.5 (1.0)     0.02 (0.17)

  Average number of emergency department visits (SD)                                        0.7 (1.4)     0.4 (0.7)     0.07 (0.27)
  -----------------------------------------------------------------------------------------------------------------------------------

\*Consisting of the compulsory deductible of €350.

†Dates of death were recorded until the 20 February 2015.

‡ Most of whom are institutionalised.

§ For those with mental healthcare costs \>€0.

DRG, diagnosis-related groups; ICD, International Statistical Classification of Diseases.

Demographics and (expensive) healthcare use {#s3b}
-------------------------------------------

[Table 1](#T1){ref-type="table"} presents demographic and medical characteristics of the study population as well as (expensive) healthcare use. Males were over-represented among top 1% beneficiaries, and females were over-represented among top 2%--5% beneficiaries. Top 1% and top 2%--5% beneficiaries were much older than low-cost beneficiaries. Furthermore, high-cost beneficiaries were more likely to die: 9.9% and 6.1% of top 1% and top 2%--5% beneficiaries died. However, 63.7% of beneficiaries in our study who died in 2013 or later did not incur high costs in 2013. The average number of morbidities based on ICD-10 subchapters for top 1%, top 2%--5% and bottom 95% beneficiaries was 5.5, 4.0 and 0.8, respectively.

[Table 1](#T1){ref-type="table"} also shows that top 1% and top 2%--5% beneficiaries scored higher than low-cost users for each specific service, and top 1% beneficiaries scored higher than top 2%--5% beneficiaries. Both top 1% and top 2%--5% beneficiaries used on average one type of drugs (pharmaceutical cost groups) continuously. A percentage of 24.8 of top 1% and 5.8% of top 2%--5% beneficiaries incurred more than €10 000 on expensive drugs and ICU. Furthermore, 6.1% of top 1% beneficiaries underwent dialysis and 3.7% received transplant care. Top 1% and top 2%--5% beneficiaries were treated in on average 1.9 and 1.6 hospitals, and used on average 22 and 7 inpatient days, respectively. Finally, 13% and 3.3% of top 1% and top 2%--5% beneficiaries were admitted to mental care institutions, respectively.

Utilisation according to ICD-10 subchapters and most cost-incurring and secondary conditions {#s3c}
--------------------------------------------------------------------------------------------

Online [appendix 1](#SP1){ref-type="supplementary-material"} presents five parameters for both high-cost populations. Among those in the top 1%, a high prevalence of several cardiovascular diseases, chronic obstructive pulmonary disease, diabetes mellitus and depression were found. In addition, the total treatment costs for renal insufficiency (including dialysis) were much higher than for any other ICD-10 subchapter and accounted for 6.8% of total costs among top 1% beneficiaries. We use [table 2](#T2){ref-type="table"}, with a selection of 10 ICD-10 subchapters in top 1% beneficiaries, to illustrate the other parameters for top 1% beneficiaries. Renal insufficiency, certain cancers and several cardiovascular diseases were frequently found as the most cost-incurring condition among top 1% beneficiaries. Furthermore, for beneficiaries that were treated for cancer, the cancer itself was in most cases the most cost-incurring condition (eg, 74.3% of beneficiaries with leukaemia). In contrast, circulatory disorders were mainly found as secondary condition: for example, in less than 30% of patients with ischaemic heart disease or heart failure, this was their most cost-incurring condition. Finally, we determined the contribution of ICD-10 subchapters towards total costs per beneficiary. The most cost-incurring condition accounted for 40%--70% of total costs per beneficiary, depending on the ICD-10 subchapter.
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###### 

Ten conditions with highest total costs among top 1% beneficiaries

                                                                          Prevalence (%)\*   \% of total costs†   \% as most cost-incurring condition‡   \% most cost-incurring/prevalence§   \% of costs by most cost-incurring condition¶
  ----------------------------------------------------------------------- ------------------ -------------------- -------------------------------------- ------------------------------------ -----------------------------------------------
  N17-N19 Renal failure                                                   12.2               6.8                  6.4                                    52.4                                 66.0
  C81-C96 Leukaemia                                                       5.6                3.0                  4.1                                    74.3                                 41.4
  C15-C26 Malignant neoplasms of digestive organs                         7.5                2.4                  5.4                                    71.2                                 47.9
  I60-I69 Cerebrovascular diseases                                        7.9                2.1                  4.2                                    53.1                                 52.7
  I70-I79 Diseases of arteries, arterioles and capillaries                9.6                2.0                  4.1                                    42.7                                 47.3
  C30-C39 Lung cancer                                                     5.9                1.7                  3.5                                    59.1                                 52.5
  I51-I52 Complications/ill-defined descriptions, other heart disorders   9.6                1.6                  3.2                                    33.1                                 50.3
  I44--I49 Atrial fibrillation, rhythm and conduction disorders           11.8               1.6                  2.9                                    24.3                                 58.5
  I20-I25 Ischaemic heart diseases                                        12.7               1.6                  3.7                                    29.0                                 41.9
  I50 Heart failure                                                       9.3                1.5                  2.6                                    28.4                                 57.1

\*Prevalence of each ICD-10 subchapter among top 1% beneficiaries. For example, 12.2% of top 1% beneficiaries were treated for renal failure.

†Sum of total treatment costs per ICD-10 subchapter. For example, treatment of renal failure accounted for 6.8% of total expenditures of top 1% beneficiaries.

‡Percentage of top 1% with this ICD-10 subchapter as most cost-incurring condition. For example, 6.4% of top 1% beneficiaries had renal failure as most cost-incurring condition.

§Percentage most cost-incurring condition relative to prevalence: fourth column divided by second column. For example, for 52.4% of top 1% beneficiaries who were treated for renal failure, this was also their most cost-incurring condition.

¶Percentage of costs accounted for by the most cost-incurring condition. For example, among top 1% beneficiaries with renal failure as most cost-incurring condition, this disease accounted for on average 66% of total costs per beneficiary.

Utilisation according to most cost-incurring ICD-10 chapter {#s3d}
-----------------------------------------------------------

[Table 3](#T3){ref-type="table"} and online [appendix 2](#SP2){ref-type="supplementary-material"} show cross-tables for spending, demographics and indicators for (expensive) healthcare use. In these analyses, beneficiaries were selected by most cost-incurring ICD-10 chapter to avoid multimorbid beneficiaries being analysed on multiple rows. Among top 1% beneficiaries, three ICD-10 chapters were frequently found as most cost-incurring ICD-10 chapter: mental or behavioural disorders, neoplasms and diseases of the circulatory system. These groups had quite different characteristics and utilisation. Beneficiaries with mental or behavioural disorders were relatively young, had a low number of morbidities and low mortality. Beneficiaries with neoplasms were the largest subgroup with high mortality. Beneficiaries with diseases of circulatory system were oldest (on average 69 years old) and predominantly men. Expensive drugs were heavily concentrated among beneficiaries with neoplasms. ICU costs were distributed more proportionally; a quarter was incurred by beneficiaries with circulatory diseases.
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###### 

Cross-table describing patterns of healthcare use and demographics of top 1% beneficiaries

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  ICD-10 chapter                                                                                        Prevalence (%)\*   \% most cost-incurring ICD-10 chapter   Average age (years)   Percentage dying   Percentage men   Average number of comorbidities (ICD- chapter)   Average cost\   Expensive drugs (\*€1000)   Intensive care (\*€1000)   Neoplasm\   Mental and behavioural disorders (\*€1000)   Diseases circulatory system (\*€1000)   Diseases genitourinary system\
                                                                                                                                                                                                                                                                              (\*€1000)                                                              (\*€1000)                                                                                        (\*€1000)
  ----------------------------------------------------------------------------------------------------- ------------------ --------------------------------------- --------------------- ------------------ ---------------- ------------------------------------------------ --------------- --------------------------- -------------------------- ----------- -------------------------------------------- --------------------------------------- --------------------------------
  Certain infectious and parasitic diseases                                                             10.2               1.0                                     60.3                  16.8               60.4             5.5                                              54              2515                        3407                       407         247                                          382                                     400

  Neoplasms                                                                                             36.8               23.2                                    62.0                  16.4               49.5             3.9                                              56              111 927                     27 734                     295 902     2062                                         7629                                    4991

  Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism   4.4                1.0                                     42.1                  3.7                65.9             3.3                                              103             33 535                      531                        143         62                                           213                                     91

  Endocrine, nutritional and metabolic diseases                                                         21.5               1.3                                     39.2                  6.1                49.2             4.0                                              67              8452                        3025                       191         228                                          432                                     224

  Mental and behavioural disorders                                                                      32.2               14.7                                    41.1                  1.2                51.8             2.7                                              55              4487                        4292                       841         135 431                                      1746                                    787

  Diseases of the nervous system                                                                        29.3               2.6                                     54.7                  8.4                52.2             4.6                                              56              9303                        6185                       845         682                                          1064                                    442

  Diseases of the eye and adnexa                                                                        18.2               0.2                                     62.4                  1.1                43.6             4.0                                              47              974                         112                        45          15                                           13                                      9

  Diseases of the ear and mastoid process                                                               5.4                0.3                                     44.5                  1.6                48.8             3.4                                              60              200                         232                        25          14                                           59                                      23

  Diseases of the circulatory system                                                                    52.8               22.3                                    68.7                  9.5                60.9             4.6                                              49              7564                        63 668                     5992        2519                                         269 394                                 4709

  Diseases of the respiratory system                                                                    24.1               4.4                                     62.8                  16.7               48.9             4.8                                              53              5258                        20 204                     1865        801                                          2628                                    801

  Diseases of the digestive system                                                                      20.0               4.0                                     55.2                  12.0               51.2             4.7                                              55              10 359                      19 343                     1717        873                                          1523                                    1013

  Diseases of the skin and subcutaneous tissue                                                          10.0               0.5                                     59.5                  7.2                48.3             4.8                                              51              1371                        1009                       103         60                                           234                                     82

  Diseases of the musculoskeletal system and connective tissue                                          19.4               4.1                                     66.0                  4.1                34.8             4.8                                              47              10 750                      3104                       1090        862                                          2359                                    699

  Diseases of the genitourinary system                                                                  24.4               7.2                                     63.4                  10.5               58.0             5.2                                              82              5000                        12 307                     2546        691                                          8921                                    171 360

  Pregnancy, childbirth and the puerperium                                                              0.5                0.2                                     31.0                  0.0                0.0              3.8                                              44              159                         182                        8           60                                           28                                      18

  Certain conditions originating in the perinatal period                                                0.1                0.0                                     0.2                   0.0                60.0             6.0                                              239             1                           874                        1           4                                            13                                      0

  Congenital malformations, deformations and chromosomal abnormalities                                  3.1                0.7                                     8.2                   6.3                54.3             3.6                                              73              1262                        9230                       9           69                                           285                                     51

  Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified               49.2               2.1                                     55.4                  14.1               50.8             4.6                                              60              9824                        9086                       482         460                                          1034                                    387

  Injury, poisoning and certain other consequences of external causes                                   22.3               6.8                                     71.5                  9.7                39.5             4.7                                              50              2986                        15 169                     1813        1789                                         5668                                    1055

  Factors influencing health status and contact with health services                                    31.7               3.6                                     30.5                  2.1                55.3             3.9                                              67              3417                        30 951                     1388        447                                          3234                                    636
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Prevalence of ICD-10 chapters among the total population. All other columns apply for beneficiaries with the selected most cost-incurring ICD-10 chapter per row.

ICD, International Statistical Classification of Diseases.

Among top 2%--5% beneficiaries, the same three most cost-incurring ICD-10 chapters predominated, although they represented a smaller share of the group. Several other ICD-10 chapters had relatively high costs, including diseases of the digestive system; injury, poisoning and certain other consequences of external causes (femur fracture most prominently); and diseases of the musculoskeletal system and connective tissue. Beneficiaries with neoplasms, diseases of the respiratory system and symptoms, signs and abnormal clinical and laboratory findings most frequently died. Expensive drugs were primarily used by beneficiaries with diseases of the musculoskeletal system (rheumatoid arthritis), neoplasms and diseases of the digestive system.

Healthcare use across age groups {#s3e}
--------------------------------

This [Figure 1](#F1){ref-type="fig"} and online [appendix 3](#SP4){ref-type="supplementary-material"} provide an overview of cost segments per age category among top 1% and top 2%--5% beneficiaries. With the exception of infants, treatment at the ICU represented a maximum of 10% of costs per age group. Moreover, treatment at the ICU represented a major cost driver primarily among top 1% beneficiaries. The proportion of costs spent on expensive drugs was highest (13.4% of total costs) among top 1% beneficiaries between 21 and 30 years old. Mental care accounted for a large share of costs among children and young and middle-aged adults. The percentage of cost incurred by outpatient and non-expensive pharmaceuticals was more pronounced among top 2%--5% beneficiaries than among top 1% beneficiaries.
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![Cost drivers per age group in top 1% beneficiaries.](bmjopen-2017-017775f01){#F1}

[Table 4](#T4){ref-type="table"} and online [appendix 4](#SP3){ref-type="supplementary-material"} present the five ICD-10 chapters with highest total costs per age group for top 1% and top 2%--5% beneficiaries. As mentioned before, we found that high-cost beneficiaries are generally older than low-cost beneficiaries. However, [table 4](#T4){ref-type="table"} shows that *within* the top 1% beneficiaries average costs decreased with higher age: average costs ranged from €47 000 on average for top 1% beneficiaries over 80 years of age to \>€80 000 on average for infants. In addition, 54% of top 1% and 57% of top 2%--5% beneficiaries were 65 years of age or younger.

10.1136/bmjopen-2017-017775.supp3

###### 

Top 1% beneficiaries according to age group and total expenditure per ICD-10 chapter\*

  --------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------- --------------------------------------------------------------------------- ------------------------------------------------------------------------- ------------------------------------------------------------------------- ------------------------------------------------------------------------- ------------------------------------------------------------------------- ------------------------------------------- -------------------------------------------------------------------------- --------------------------------------------------------------------------- ------------------------------------------
  Age group                                                                   \<1                                                                                            1--10                                                                       11--20                                                                    21--30                                                                    31--40                                                                    41--50                                                                    51--60                                      61--70                                                                     71--80                                                                      \>80

  Number                                                                      938                                                                                            1125                                                                        1793                                                                      1892                                                                      2506                                                                      4670                                                                      6856                                        9811                                                                       9815                                                                        5801

  Average per capita costs                                                    €81 458                                                                                        €69 576                                                                     €68 220                                                                   €62 428                                                                   €59 161                                                                   €59 546                                                                   €55 569                                     €55 253                                                                    €52 123                                                                     €47 166

                                                                              Factors influencing health status and contact with health services 13.5%                       Neoplasms 15.5%                                                             Mental and behavioural disorders 21.2%                                    Mental and behavioural disorders 18.8%                                    Mental and behavioural disorders 14.1%                                    Neoplasms 12.9%                                                           Neoplasms 16.0%                             Neoplasms 17.2%                                                            Diseases of the circulatory system 20.1%                                    Diseases of the circulatory system 21.1%

  Congenital malformations, deformations and chromosomal abnormalities 5.2%   Mental and behavioural disorders 11.0%                                                         Neoplasms 9.1%                                                              Neoplasms 5.8%                                                            Neoplasms 8.9%                                                            Mental and behavioural disorders 9.1%                                     Diseases of the circulatory system 9.9%                                   Diseases of the circulatory system 14.7%    Neoplasms 11.9%                                                            Injury, poisoning and certain other consequences of external causes 15.0%   

  Diseases of the digestive system 2.5%                                       Factors influencing health status and contact with health services 4.6%                        Factors influencing health status and contact with health services 2.1%     Diseases of the genitourinary system 4.0%                                 Diseases of the genitourinary system 6.1%                                 Diseases of the genitourinary system 7.3%                                 Diseases of the genitourinary system 8.1%                                 Diseases of the genitourinary system 7.8%   Diseases of the genitourinary system 5.5%                                  Diseases of the genitourinary system 9.8%                                   

                                                                              Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified 1.8%   Congenital malformations, deformations and chromosomal abnormalities 2.9%   Injury, poisoning\                                                        Injury, poisoning\                                                        Diseases of the circulatory system 3.5%                                   Diseases of the circulatory system 5.9%                                   Mental and behavioural disorders 5.2%       Injury, poisoning and certain other consequences of external causes 2.5%   Injury, poisoning and certain other consequences of external causes 5.1%    Neoplasms 6.1%
                                                                                                                                                                                                                                                         and certain\                                                              and certain\                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                         other\                                                                    other\                                                                                                                                                                                                                                                                                                                                                                                                                           
                                                                                                                                                                                                                                                         consequences\                                                             consequences\                                                                                                                                                                                                                                                                                                                                                                                                                    
                                                                                                                                                                                                                                                         of external\                                                              of external\                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                         causes 1.6%                                                               causes 2.2%                                                                                                                                                                                                                                                                                                                                                                                                                      

  Neoplasms 1.6%                                                              Diseases of the nervous system 2.4%                                                            Diseases of the genitourinary system 1.5%                                   Factors influencing health status and contact with health services 2.2%   Factors influencing health status and contact with health services 2.6%   Factors influencing health status and contact with health services 2.6%   Factors influencing health status and contact with health services 2.6%   Diseases of the respiratory system 2.5%     Diseases of the musculoskeletal system and connective tissue 2.9%          Diseases of the musculoskeletal system and connective tissue 4.9%           
  --------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------- --------------------------------------------------------------------------- ------------------------------------------------------------------------- ------------------------------------------------------------------------- ------------------------------------------------------------------------- ------------------------------------------------------------------------- ------------------------------------------- -------------------------------------------------------------------------- --------------------------------------------------------------------------- ------------------------------------------

\*Total costs per ICD chapter were summed per age group. In the table, the five ICD-10 chapters with highest costs per age group are presented; that is, among beneficiaries 1--10 years old, 15.5% of total costs were accounted for by neoplasm care.

ICD, International Statistical Classification of Diseases.

For each age group, there were different ICD-10 chapters with highest costs. Among top 1% beneficiaries, cardiovascular diseases and diseases of the genitourinary system gained importance with higher age, whereas mental and behavioural disorders predominated among younger and middle-aged beneficiaries. Among top 2%--5% beneficiaries, a similar pattern of diseases across age groups was observed. However, pregnancy-related conditions played a more significant role among beneficiaries between 20 and 40 years of age, and musculoskeletal conditions played a more significant role in several age groups than they did among top 1% beneficiaries.

Discussion {#s4}
==========

In this study, we determined medical needs, demographics and utilisation patterns of high-cost beneficiaries in the Netherlands. Expensive treatments, most cost-incurring condition and age proved to be informative variables for studying this heterogeneous population. We found that expensive care use (expensive drugs, ICU treatment, dialysis, transplant care and DRG \>€30 000) contributed to high costs in one third of top 1% beneficiaries and in less than 10% of top 2%--5% beneficiaries. High-cost beneficiaries were overwhelmingly treated for diseases of circulatory system, neoplasms and mental disorders. However, neoplasms and mental disorders were mainly found as most cost-incurring condition for a beneficiary, whereas circulatory disorders were mainly found as secondary condition. More than 50% of high-cost beneficiaries were 65 years of age or younger, and average costs decreased sharply with higher age within the top 1% population. Such insights are needed to develop tailored interventions and inform policy aimed at the high-need, high-cost populations.

Strengths and limitations {#s4a}
-------------------------

This was the first study assessing utilisation patterns of high-cost beneficiaries in a European universal health system, and we used innovative variables to examine characteristics and utilisation. We used data from one health insurer with a market share of approximately 27%, with data representative for the Dutch population. Despite the limited number of variables, our data allowed detailed identification of healthcare use and categorisation of costs towards conditions. We chose to use expensive treatments, most cost-incurring condition and age as variables for further analyses as such analyses were lacking in the literature, and we regarded these as most informative for policy and practice. One limitation is that our analysis was restricted to 1 year only. Consequently, we could not discern persistent high-cost users from episodic high-cost users (those with single a high-cost event[@R5]).

Reflections on our findings {#s4b}
---------------------------

Our findings generally align with prior research on high-cost beneficiaries. Similar to US studies,[@R12] we identified three main subgroups of high-cost beneficiaries with cardiovascular diseases, mental disorders and neoplasms, as well as several smaller subgroups. In addition, our findings confirm that high-cost beneficiaries are usually treated for several conditions and use care from multiple providers.[@R10] Like prior studies,[@R12] we reported a high prevalence of diabetes, but this condition had a limited direct cost impact. This may be explained by the fact that Dutch diabetic care is primarily situated in primary care. Moreover, complications of diabetes were aggregated to the particular condition (eg, retinopathy) using our link table. Furthermore, in line with Aldridge and Kelley,[@R5] we found that dying increases the risk for high costs (data not shown) but that less than 10% of high-cost beneficiaries were in their last year of life. However, we also found that 64% of those dying did not incur high costs, compared with 80% of decedents in the USA who did incur high costs.[@R5] This may be explained by decedents that could have used long-term care services that were not included in our analyses. However, this may also result from the general practitioner-oriented organisation of palliative care in the Netherlands, which is known for its low costs.[@R23]

Our study is unique in estimating the relative contribution of expensive treatments in high-cost beneficiaries. The findings indicate that high unit costs for selected services play a substantial role in high-costs beneficiaries. We identified *expensive treatment users* among *expensive patients.* Furthermore, our analyses show expensive treatment users may use a lot of care besides such expensive treatments, suggesting that better alignment of expensive treatments with other care may be worthwhile. In line with Joynt *et al*[@R22], we suggest that expensive procedures (including orthopaedic surgery, pacemaker implantation and so on) and catastrophic events may be a more significant cost driver in high-cost beneficiaries than avoidable hospitalisations and that a complementary approach (see below) in high-need high-cost programmes is needed.

To our knowledge, we are the first that have distinguished the most cost-incurring versus secondary conditions in high-cost beneficiaries. For example, diseases of circulatory system were mainly found as a secondary condition, though they also frequently occurred as most cost-incurring condition. In addition, mental disorders and neoplasms were predominantly the most cost-incurring condition. Our findings contribute to the rapidly evolving field of multimorbidity and patterns of healthcare use. We suggest that conditions that were frequently and primarily found as most cost-incurring condition should be priorities for policies that seek to contain costs and improve quality of care. However, the observational nature of our study does not allow for causal inference; that is, the high number of morbidities in patients with cancer may either indicate the many complications from cancer treatment or point to prior chronic disease in patients with cancer.

Many high-cost beneficiaries were 65 years of age or younger; and the average costs decreased sharply with increasing age within the top 1% beneficiaries. In addition, we found typical care needs and utilisation per age group. Both findings have rarely been reported in literature[@R10] and underline the need for studies in the general population with comprehensive data. Furthermore, high-need, high-cost programmes need to be aimed at beneficiaries of all ages; a mere focus on elderly would leave many high-cost beneficiaries unaddressed.

### Policy and research implications {#s4b1}

Our findings suggest a need for approaches that address patients' care needs across multiple conditions and to integrate care use across multiple providers. Important policy questions remain concerning the breadth of healthcare delivery innovations (ie, care coordination programmes, bundled payments and what should a bundle encompass?).[@R25] We suggest that high-need, high-cost programmes may aim to align the usual care for most cost-incurring conditions with the care for associated or common secondary conditions in specific care pathways. Furthermore, based on our findings, we recommend a complementary approach geared towards expensive procedures and drugs as well as the extensive additional care besides expensive treatments. This suggests bundled payments may be worthwhile, as well as multidisciplinary assessment of patients' care needs for expensive treatments. In addition, prices for expensive drugs or procedures could be lowered, for example, through reference pricing or competitive bidding.[@R26]

Our research provides a precise picture of high-cost beneficiaries, but further research is necessary to specify characteristics and utilisation of high-cost beneficiaries at a local level. Patient segmentation analysis has been suggested as a method for identifying homogenous target population groups from diverse populations, which allows for tailored policies.[@R28] Our analyses may inform such segmentation analyses. Furthermore, we suggest research into longitudinal patterns of multimorbidity to identify relevant subgroups that benefit from intervention. More research is needed to identify beneficiaries at risk of incurring high costs.[@R29]

In conclusion, our findings show that high-cost beneficiaries are usually treated for several conditions and use care from multiple providers. Expensive treatments, the most cost-incurring condition and age proved to be informative variables for studying this heterogeneous population. Tailored interventions are needed to meet the needs of high-cost beneficiaries and to avoid waste of scarce resources.
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